In December 1994, construction started on one of the largest building projects of modern times. The Three Gorges dam, which blocks the Yangtze river in the Hubei province, central China, took two decades to complete and is now fully operational, after the ship lift was completed in December 2015. It started producing electricity in 2003 and had already recouped the construction cost by 2013.
It was a project to set records in many ways, for better or worse. At 22.5 GW capacity, its hydroelectric plant is now the biggest power plant of any description, anywhere. A typical nuclear reactor has around 1 GW capacity, and a modern gas-fi red plant a few hundred MW.
The human cost was signifi cant, as more than 1.2 million residents were displaced from the area that is now fl ooded. Important cultural and archaeological sites were also lost. In the 2003 novel Peacock Cries at the Three Gorges, Chinese author Hong Ying gives an impression of the impact that the massive intervention had on the lives of people living in the area. It appears as a unique, gigantic force that hits the communities with corruption and abuse of power and seeds discord.
The world-record breaking statistics would also give the impression that Three Gorges might be a one-off. Now, however, similar projects are underway elsewhere in China and in many developing countries around the word, and Three Gorges may not even remain the largest hydroelectric plant for much longer.
Congo plans
The Democratic Republic of the Congo (DRC), for instance, has plans that could make the Three Gorges dam look small. The Grand Inga project, located at the lower Congo river, could reach a total capacity of up 40 GW, nearly twice that of the Chinese record holder. There are already two modest dams in place, Inga 1 and 2, and the DRC is currently preparing to build Inga 3, the fi rst of a further seven stages in planning that will eventually make up the Grand Inga site.
Inga 3 alone is scheduled to produce 4.8 GW of electricity. Just over half of the capacity would be exported to South Africa, with the rest due to benefi t regional mining companies and major cities. Even though the fi nancial backers of the project, including the World Bank, have described it as an exemplary development project, critics have pointed out that it is not going to make any difference to the lives of the vast majority of people in the DRC currently living in rural areas without electricity. Moreover, the level of corruption prevalent in the country suggests that the vast investment sums required for such a project may end up in the wrong pockets and boost inequality rather than development. Compensation for communities displaced by the project will also be a problematic issue, as those displaced by the fi rst two dams in the 1960s are still fi ghting for theirs.
Further concerns have been raised regarding the ecological impact of the dam on the river, the land around it, and even the ocean and the atmosphere. On land, the power lines required for the long-distance export of the electricity generated would cut corridors into the native equatorial rainforest, which would fragment habitats and be bound to become nuclei for further deforestation.
While the existing two dams use only 30% of the average fl ow of the lower Congo, that fraction would rise with each additional phase of the Grand Inga project, which would eventually use two thirds of the river and disrupt much of the ecology around it. As in other rivers around the world, the rapidly growing obstruction of water fl ow is threatening freshwater biodiversity to an extent that hasn't been fully appreciated yet, as Catherine Reidy Leirmann and colleagues at Umeå University in Sweden have
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A global megadam mania
Around the globe, new hydroelectric power plants with gigantic dams are being planned and built as a climate-friendly way to expand generating capacity. However, the human cost is growing rapidly, and the impacts on regional ecology are severe. Depending on the nature and the location of the reservoirs, even the climate benefi t may turn out to be an illusion. Michael Gross reports.
Water warriors: As Brazil has already dammed and utilised its more accessible rivers, new hydroelectricity projects are planned in remote areas including the Amazon rainforests, where they endanger both ecological treasures and the livelihoods of indigenous groups. The photo shows members of the Munduruku tribe, who have recently won a rare success in blocking the fi rst of many reservoirs planned for the Tapajós river, a major contributory of the Amazon. (Photo: Amazon Watch amazonwatch.org) R780 Current Biology 26, R779-R793, September 12, 2016 impact of a new reservoir. In addition to the latitude and regional climate, the land use around the reservoir may also contribute, as agricultural runoff leads to eutrophication and oxygen shortage, enabling methanogenic microbes to thrive on decaying algae as well as on the remainders of the submerged vegetation.
More systematic studies of methane emissions are on the way. Once it is known with more certainty when and where the gas is emitted and in what quantities, there may be technological fi xes that could be developed to capture the methane and use it as fuel, but, for the time being, the concern is that megadam projects with large reservoirs in locations like the DRC or indeed in dam-happy Brazil may not be helping the climate at all.
Indigenous resistance
Like China and the DRC, Brazil is placing its hopes on hydroelectric power on a big scale. It is already producing three quarters of its electricity that way, and hosts the world's second-largest hydroelectric facility, the Itaipu dam (14 GW) on the river Paraná on the border with Paraguay, which can rival Three Gorges in terms of actual annual electricity output, as it enjoys a much more reliable water supply around the year than the Yangtze river provides for the Chinese reservoir.
And still, Brazil is busy building and planning further megadam projects. As all the easily accessible rivers are already being exploited, projects are now proliferating in remote areas, which may cause signifi cant damage to the Amazonian rain forests and to the native populations living by its rivers. A recent source of controversy has been the 11.2 GW Belo Monte dam on the Xingu river in the Amazon basin, currently the world's fourth largest hydroelectric facility. Despite decade-long fi erce opposition from several indigenous groups including the Munduruku, the project was complete and started operating in April this year. More than 20,000 people were displaced by the project, and there have been reports that groups previously making their living from fi shing on the river are now depending on handouts from the power company.
Learning from the experience, however, the Munduruku have strengthened their case against the next planned megadam in the area, the São Luiz do Tapajós project. The 6.1 GW hydroelectric plant with a 376 square kilometres reservoir would have been the fi rst of many planned on the Tapajós river.
The Munduruku got their land rights to parts of the area that would be affected by the project recognised by the federal agency for indigenous rights, FUNAI. As their forceful removal from recognised territory would violate the Brazilian constitution, FUNAI has advised the government that construction of the dam without consent from the Munduruku would not be possible.
Based on this advice and on the failure of the operators to provide adequate environmental impact studies covering effects on deforestation, aquifers and regional wildlife, the government's environmental agency, IBAMA, cancelled the construction license for the dam at the beginning of August -a rare victory for local populations threatened by such megalomaniac projects.
Canada also has an ongoing megadam project that is meeting argued (BioScience (2012) 62, 539-548).
In addition to the expected loss of land surface, natural river and wetland biotopes, there is concern for the marine environments in the Atlantic around the Congo delta. Currently, the river delivers a large plume of nutrientrich sediment into the Atlantic, which feeds wildlife hundreds of kilometres from the coast. By trapping sediment and blocking the fl ow, the grand dam project may starve marine habitats on a signifi cant scale.
Finally, due to its location and size, the reservoir is likely to emit enormous amounts of methane from the decay of submerged vegetation. Environmentalists have long argued that hydroelectric plants located in the tropics and with reservoirs relatively large in relation to their generating capacity emit surprisingly large amounts of methane and thus may end up damaging the climate as much over their lifetime as the production of the same amount of electricity from natural gas would.
Current estimates of the methane emissions are based on very limited data (e.g. Nat. Geosci. (2011) 4, 593-596), making it diffi cult to assess the global scale of the problem or the future resolute resistance from indigenous groups. At the beginning of August, the government of prime minister Justin Trudeau gave the green light for construction of the Site C reservoir on the Peace river in British Columbia, even though indigenous groups are opposed to it and have launched legal challenges that are still pending. The permit means that construction can begin and will not be held up by the legal proceedings. Critics were disappointed by this apparent U-turn from the new prime minister, who had previously given the impression that he would conduct such matters differently and take the concerns of the First Nations more seriously than his predecessor did.
The theme of the confl ict between gigantic ambitions of dam-builders and concerns of local populations and environmentalists is repeated many times in many places around the world, especially in developing countries that want to follow Brazil and China in boosting their economies with cheap, renewable energy. In the Malaysian part of Borneo, for instance, the state of Sarawak is planning to build seven dams with a total generating capacity approaching that of the Three Gorges dam.
Most inhabitants of that area don't have access to electricity, but the state programme is not primarily aiming to help them. Instead, the state wants to attract energy-intensive industries like aluminium production to the island. Like in Brazil and Canada, indigenous people are at risk of losing their land and livelihoods and are opposing the project.
Returning water to the river
While developing and remote areas rush to dam up their rivers, industrialised countries, where most watercourses are already tamed and utilised in some way, are facing calls to remove dams and restore the natural fl ow and river habitats.
The Colorado river in the Southeastern states of the USA, for instance, has seen its waters dammed up in multiple places and diverted for irrigation to such an extent that only around one tenth of its former fl ow reaches the Mexican border, and no water at all is left over to feed into the Gulf of California as it used to.
The river that once carved out the Grand Canyon has been sacrifi ced to enable agriculture in the desert and allow cities like Las Vegas to thrive in a surrounding that is hardly more hospitable than the surface of Mars. The Hoover dam, straddling the states of Nevada and Arizona, with a generating capacity of 2.08 GW and water for 18 million people and 400,000 ha of agricultural land is only the most spectacular in a vast range of human interventions that have essentially soaked up the river.
A campaign supported by National Geographic magazine among others aims to restore at least some of the fl ow to the river (http://changethecourse.us). There are even calls to remove some of the dams such as the Glen Canyon dam, which is located near the Grand Canyon.
In March 2014, a carefully controlled water pulse released from Lake Mead, the reservoir behind the Hoover dam, brought a rare boost of refreshment for the lower reaches of the river. The pulse was designed to mimic the natural fl ow caused by snow melt in the Rocky Mountains and was closely monitored by scientists in order to gain insights into what could be done in the future to return some water to the dried-up lower reaches of the Colorado river.
Like the Colorado, many other rivers around the world are suffering or have even been dried out from overuse. In many cases, the use of major rivers could potentially cause international confl ict as is the case for the river Indus, which reaches Pakistan in a much-diminished size due to heavy use in India, as well as several rivers that China exploits heavily at the expense of its Southeast Asian neighbours. The current glut of Changing landscapes: The controversial site C project in British Columbia, Canada, is already having a dramatic impact on the local environment. 
Megadamania
The global desire to develop energyhungry industries and Western lifestyles, combined with the necessity to do so without further increasing the use of fossil fuels, has led to a massive spree of dam building around the world. A recent assessment by Christiane Zarfl from the Leibniz Institute of Freshwater Ecology and Inland Fisheries at Berlin, Germany, and colleagues estimates that 3,700 major dams with more than one MW hydroelectric generating capacity are currently under construction or in planning. On completion, these would nearly double the existing capacity, raising it to 1,700 GW (Aquat. Sci. (2015), 77, 161-170).
The assumption that enormous hydroelectric plants are climatefriendly because they are based on a renewable kind of energy, namely the hydrological cycle, still has to be tested in detail. If methane emissions from reservoirs are as bad as some studies predict them to be, large hydroelectric plants in the tropics may be no better than fossil fuels in climate terms.
The megalomania of investors, including the World Bank and various development funds, may turn out to be part of the problem. It is in line with the wider phenomenon that Bill Laurance from the James Cook University in Cairns, Australia, has described as an "infrastructure tsunami", which will also lead to a doubling of road capacity and an unsustainable expansion of motor traffi c still largely powered by fossil fuels (Curr. Biol. (2016) 26, R307-R310) .
If, instead of megadams, they put their money into decentralised solutions that serve the people of developing regions, this may also be better for the planet. If, however, they have to invest into structures they can see from space, they may want to support some science fi rst, to make sure that those dams don't end up contributing to climate change. How and why did you become a diving marine biologist? I was an 'outdoor kid' and continually drawn to the woods and the water in the countryside around Cincinnati, Ohio, where I grew up. At the age of nine, I became transfi xed by the moon and stars; at eleven I became an organic gardener (well before it became fashionable!). I had to swear my family to secrecy about this to save me from peer harassment for such a nerd hobby. That organic garden is where my biological inquiries began, but then my dad took me on a trip to Florida and I was mesmerized by the crystal clear oceanic waters, a stark contrast to the muddy Ohio River, and this was likely the origin of my interest in marine biology.
Despite these early interests, sports dominated my life through high school and the beginning of college -mainly baseball and football that I dabbled with, even at college level. My summer youth was always full of swimming in pools, ponds and rivers, so when I arrived at Florida State University, diving was a natural lure. I learned deep breathholding snorkeling nearby in crystal clear Wakulla Springs, where alligators swam freely around us but were never a bother. In the Florida Keys during summers we SCUBA dived daily at Seacamp and I was hooked for life.
Well, I was hooked on diving but it took much longer to get hooked on biology for a profession. After two years as an Army lieutenant, I discharged in Korea and spent nearly a year dive-bumming and photographing in the western Pacifi c, particularly in the Palau Archipelago, which is rightfully one of the premier diving destinations in the world. That inspired me to head for graduate school at the Rosenstiel School of Marine and Atmospheric Sciences, University of Miami, where I earned Masters and PhD degrees in marine science. I wanted to study cephalopods in their natural world and fi gure out why and how they can move about a visually complex coral reef and instantly deploy an effective camoufl age pattern. I'm still at it decades later. I love marine biology -the oceans are strange, exotic, complex and sometimes dangerous, all things I like in small doses.
What's so interesting about rapid adaptive camoufl age? Camoufl age itself is interesting, yet it may be the least studied biological subject that everyone thinks they know about. At fi rst glance it looks simple and intuitive. Up to the last decade, there is only a sparse literature on camoufl age, despite it occurring all around us, in every habitat, among nearly all phyla and at every dimension. Moreover, camoufl age plays a central role in natural selection. Yet the study of this multidisciplinary subject has lagged far behind other aspects of biology and ecology. Fortunately, there has been a recent renaissance in the study of camoufl age mechanisms and functions, and many papers have been published in the past decade, signaling renewed interest in this key evolutionary capability.
Rapid adaptive camoufl age especially intrigues me. It is an extreme adaptation -a defense tactic developed to the ultimate degree by the soft-bodied modern cephalopods. They can produce an appropriate camoufl aged body pattern in 0.5-2 seconds, an extraordinary sensorimotor feat considering the complex visual surrounds, such as those of a coral reef, and the tens of millions of chromatophore organs, iridescent cells and threedimensional skin papillae that must be orchestrated in unison. The speed of change has dominated my curiosity for decades, and posed the questions: how many patterns does a cuttlefi sh need to camoufl age in such diverse visual backgrounds? Are there neurobiological
